QO 



10 



IS 



20 



25 



30 



35 



40 



45 



PATENT SPECIFICATION 

(21) A{iplicaziao Na 59995/71 (Z2) Ned S Dec; 19n 
(23) CoBntoe Specrftrwfnit filed 11 Dec 1972 
(44) Cemfka Speoficadoo pniduhedS Sept 1975 

(51) INT CL« BOIJ 13/08 

(52) Index at arrrprancc BSC A 

(72) l»vt«TONKMAASCTUELDB JAEGER «BdB^ 

HIPPOUET TAVERNIER «»«aku 



1405108 




(71) Wci AGFA-GEVAERT, a 
naamlore Tcnnootscfaap ocgaotscd tixider the 
Uws of Belgium; of 27, Scptestraa^ B 2510 
Mortsd, Bdgium; do hereby dcckre die in- 
vention, for which we pray that a patent may 
be granted to us, and the method by whidi 
it is to be perfonned, to be paitxcolady de- 
scribed in and by the frflowing statonem:— 
This mvention rdates to a process for f onn- 
ing microcapsules comprising a hydrophilic 
material in an envelope of a water-tnsoluble, 
oleophilic material 

An oQcapsulation process suitable for that 
purpose is described in the United Kingdom 
Patent Specificatian 1,048,696 filed July ID, 
1963 by Gevaert Photo-Productiott N.V. 
According to said Patent Specification micro- 
capsules contaming aqueous matexial can be 
formed by emulsifying such material in a 
solution of an encapsulating substance in a 
water-immisciUe solvent, emulsifybg sudi 
emulsion in an aqueous solution of a hydn>- 
philic colloid, and subsequcntiy removing the 
watcr-mimisdWc solvent containing the en- 
capsulating substance eg. by cvapofation. The 
encapsulating substance that has to form a 
coherent envelope annmd the aqueous hquid 
fiU of ±c microcapsules is preferably a film- 
foming hydrophobic polymer. The hydro- 
phflic coUoid dissolved in the aqueous phase 
in which die fim formed emulsion has been 
emulsified acts as a protective coUoid and di$. 
persing agent for the droplets containing the 

^SJH^^m™^" surrounding die 
sqtieous liquid filL 

It has been estabfisned experimentally dut 
a raAer large proportion of the dropleo pro- 
duced according to die procesa of said United 
Kingdom Patent Spccificatioo 1,048,696 does 
not ccraist of droplets having an aqueous 
liquid fill but radier consists of small spheres 
entirdy consisting of encapsulating substance. 

It « one of die objects of die invention to 
provide an emulsification process ensuring an 
improved yield of filled microcapsules com- 
prising a hydrophiUc phase enveloped by a 
film-forming oleophilic phase. 
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AccordiAg to die present inventioa a pro- 
c» for die mannfacmrc of microcapides 
co^nsmg a hydrophilic liquid in a hV^- 
phobic cnvd^ invpives die following »eps: 

f ofThydSol 
pMic liquid m a volume V, of a hydrophobic, 
tquid consisting of or containing a^Stuw 
or substances for forming hydro^oWrca^ 

S^^^ « stimiig, a volume V. 

ofhydrophflic hquid to fonn an onulsioo m- 
tern compraiflg a hydrophiUc liquid con. 

drmlcB of hydnmhiJic Uquid enveloped iTa 
ffiS?""^ Iirf^hase consiMing of or ^ 

tne votume V, being such that V, + V, > X 
W5 (X,=Xi) where Ae volume X. 'is «ii/-h 

J;^^ n.v«um poi« of'^uWoo 

* JS^ or causing the said envelope- 

Jomung fubsQnce(«) in said envrioSn. 
M«pWrfc li™id\ 'phase S fS^'ffi 
envelopes around said droplets 

-hy^ro^hiifriiS^^^s s^srs 

^ous liquids'^in which JScrX Srf £ 
«aiud components, and any other hydS! 
pWte hqmds that are oiscibfe^wid, ^Sto 

sii^ic^ir'"*''"^»»'*! 

TTie ttpressioo ''oleophilic liquid" indude. 

ler and rdates e^. to water-imnSsdWe KqSS^ 
an olcophiUc solution of a hvdrophobie film- 
tonning agent or of a liquid or dssolved sub- 

an agent can be 
formed m situ e.g. by polymerisation, poly- 
addition or polvcondeasation and relates like- 
wiK to liquid hydrophobic monomezs and to 
oudtea oleophilie fihn-foiming material cz 
moHen wax or molten thermqplasn'c itsin. 



SO 



75 



80 



85 



90 



BEST AVAILABLE COPY 



10 



20 



25 



30 



35 



40 



45 



50 



55 



The notxcm "invcnicm poinf" may be 

<^^finM aj the critical volume ntio at wbidi 

an emul non at a constant tsmperunze 

to coQtam one of die liquid materials eatxrely 

in disposed f oxm in tiie oths or in •f^ww 

liquid matezial wfafch foms Ae cominDous 
phase of die wnnicfffla 

The possiUe emulsification states of a two- 
caqKmcot liquid system can be iUmtxated 
by a so-called invenioa rftagwtin Qg^i^ 
diagram as shown xo Figm L 

In Figure 1 the dnxredcal inveisicBi dia- 
grun (Ostwald diagxam) has been tqnesented 
for a n qnu hion of an aaoeous phase (W) and 
M rr\ ^ . diagram a 
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phase is ploned on a first line gomg frcm die 
light to the left from 0% by vohmie of 
aqueous liquid (correspond^ widi 100% by 
volume of deophBic liquid) to 100% by 
yohtme of aqueous liquid (corresponding widi 
0% by volume of the deophflic phase). 

As a result of the possibflity of transforming 
an oil-in-watcr (0/W) type emulsion into a 
water-in-oil (W/0) type emulsion (and vice 
vena) by gradually changing the volume parts 
of the mutually immiscible liquid components 
and by the fact that in pracQce die two types 
of emulsion systems con exist in tctennxzed 
sute ix. simtiltaeously^ two inversion pomts 
(Ii and Is in the diagram) corresponding with 
complementary volume ratios are a charac* 
teiistic of eadi inversion diagram df^jcrrft^fng 
a specific emulsion system of only two 
mutually non-misdUe liquids. 

The theoretical inversion points correspond 
with the maTiTDinn volume that can be 
occupied by spherical droplets of equal 
diameter of die dispersed phase when said 
droplets are disposed in a hexagonal packing, 
each droplet toudiing twdve neigfabouriiu 
ones. Such an arrangement is called rfaombo- 
hcdral. The volume occupied by said droplets 
in such an arrangement stack is 742% of the 
total vohune of the system. 

Consider the case where a gradually increas- 
ing volume of water is added to a vofaime of 
oil and suitably agitated to form an emulsion. 
As the volume of water in die synem rises 
fnm 0% to 25,8 % , that is, range B of Figure 
1, the emubion is exclusively a water in oil 
emulsion. This volume ratio carr wj i^ B i ds to It 
in die diagram* the first XDversion pohiL When 
die vdume of water exceeds 25.8%, diat is, 
beyond the first inversion poin^ the system 
can comjime a mixmre of two phases namely 
a water in oil emulsion phase and an oil in 

■ ■■■I #!■ ■ * * I ■ • • _ 



water emulsion phase. Tliis is range C of 
Figure 1. Water can be added so dut die 
60 volume of water in the system reaches 742*/ 
(4e vohune of oil being 25.8% of die system) 
which corresponds to die second or com- 
plementuy inversion point I, in IHgure 1, 
Beyond this second or complementary inver- 
sion poan^ the system becmcs cxdusivdy an 
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oil J water enmlston, range A of Figure 1 . 

Caiyendy if a gradually increasii^ vohimc 
of ^ added to water and sufahETagitated 

I. becomes'^thr fii« 
nwetsion pom and I, die second or com- 70 
Plmentt^ mversion poim. Again, in ™ 
A die system a»iMte cf an oflTwk» 
oon, m rajgc B of a water m oil emulsion and 
"t™^,T ^ • mature of die two phases. 

It will be noted diat die present toJ^tion 75 
relates to the enveloping of an aqueous or 
Mtnphilic phase ip a hydrophobi? phase so 
that I, and I. as marked on ^gure IwraS 
pond to the first and second hivcrsion points 
rufwuuvely. Thus for die purposes ofAis un 

hqttd woe added to ■ Tolome V, of Imlio. 
g«J«c liquul and emalafied the ,yaera ^ 
be at die flmnivenion pant I, id if a vol- 
«ne X, of hydrerfulic ISuid weie added » 

cmnlsifitti, ibt system wodd be at the seemd 
or complmentaiy iayeaian point I. 

mJnJSi "PP^^^ 4»t Fignie 1 ,nd the 
ronaeacal Tolume laooa (25.8% and 742V \ on 

turn pomtt. Li practice h wiU nonnaUy be Ac 

the laim dropleo can be occupied by aoaller « 
o^that die mmerical laST&ted aW « - 
difftt apptecubly. For enmple. it mav fce 
Po«Ue for the inversion^ «) eonespond 
wifli Tolame nmos of 10% and 90V 

• ^ estahlidied esperiaeiJidly that im 

m order to obBin a very hiSTyield of £ 
f P«J« » » W,/0/W. emSii^Um it b 
prefenWe » stari in a fint ttep witfi die 
prepaiHnon of a W,/0 emulsios having in 

hydrophihc liqmd (W.) as dose as po&ible 
t» the firR inversion pomt (I,). i^*"" 

r3j*i.»^f?^ step die second hydronhilic 
JqM (WO is added «pidly prct^i/Tt 
powd of not longer than 2 seconds ml in 110 
such an amount diat almost immediatdj i£ 
bydrepMic phase volume ratio characteristic 
lor die fim invasion point (!») is passed and 
die volume of hydrophiUc lijuid switches from 

range B tt) come dose to die second iovcnion 115 
point (It) or ends in range A. 

The amount of hydrophilic liquid added in 
the se cond stq> should be such tiiat die second 
mvetsion point is almost readied or is 
exceeded, that is, that die volume ratio actually no 
readied is sudi that the additional amount of 
hydrqphHic liquid to be added so as to readi 
sudi second inversion point (if any) is less 
dian l/5di and preferably less than 1/lOdi of 
the amount of hydrophihc liquid necessary to 125 
move fnm the first inversion point to the 
second. 

It is dear from the preceding that in order 
to apply the process of die present invention 
it is neceasaiy to be able to detomine the 130 
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volume ratios of Ae munisdbk liqisds at ihe 
said isvenion poims. 

Id connccdan faeitvttii tt has id be nottd 
dm tbc yohmc comistiag of liie imroduced 
hydrophilic Uquid and a specific hydtodiobic 
Uqpia at the invemoo points it amoQg odier 
ma^ dependent oo t en y eiauu ie, droget size 
dtttnbuoon. the coacentxatiaa of emSTtfrae 
a«it and li^ctophilic coOoul id the 

pWbc phase and tte viscoiititt of die dafe^ 
phases. 

The hdmiom of each amukifying agent 
win be dUfeent and depend on diTd^w 
and distribmion of die hydrophilic and 
phobic gnmps in die emulsifying agent mole- 
cole wesming die sa<afled hydrophilic- 
lipopbhc balance of the emulsifying agsSt 

In 4e present process die cnmposinon of die 
first hydrophilic liquid phase W, may be the 
same as dm of the second hydronhilic liouid 
phase W„ but need not be. 

Bearing diis in mind, and bearing also in 
mmd that for a given emulsion system diere 
arc two inversion points, wc can define die 
term "inversion pomt" in rckdon to an cmul- 
swn coninining immisdbJe Uqmds, one of 
whidi IS whdly dispersed in die odier or in 
another hquid forming a continuous phase, 
more particularly as being a critical voluntt 

30 Mtio between die immisdble liquids such diat 
at die point when a said ratio is reached during 
the incorporation into the emulaon of an * 
increasing proportion of said one liquid or 
during the rnnoval from die emulsion of any 
35 qjiannty of die Hquid forming die contfnuoar 
pbas^ some of die latter liquid become dia- 
pcned in some of said one liqmU 

The volume of hydrophilic liquSi at the 
sectmd inversion point (I,) can be easily det- 
ermined by measuring die electrical resistivity 
or conductivity of the emulsions. 

Indeed^ the electrical resistivity of an emul- 
sion (which by changing die volume ratio of 
hydrophilic liquid widi respect to oleophilic 
hquid passes from zone B into zone A) 
decreases abrupdy on entering zone A since 
me noB-pohr phase (oicophffic phase) 
becomes then the continuous phase which is 
considerably less dectroconductive dian die 
pdar phase (hydrophilic phase) which latter 
is dien present as die dispersed phase. 

The material for die capsule shells prepared 
according tp die process of die present invcn- 
•^L" P^f?*^ composed of one or more 
55 water-msomble substances dut is or are 
soluble in a water-immisdble solvent or mix. 
turc of sudi solvents and dut has or have, or 
obtam(s) by evaporating die solvent(8) and/ 
or by hardenmg or cross-linking, a sufficient 
60 cohaion pow« to fonn a coherent envelope 
or fihn around die hydrophilic liquid filL 

In die process according to die invention, 
pniaically an prefoimed, fibn-formmg, hydi^ 

i;c ?r;^'SP?3^«!" ^ch are resistant to water 
65 and soluble m a watcr-immisdble solvent 
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Jar^ a boihng pant lower dian lOtTQ are 
smttd for fmming die capsule walL 

Fdm-f onning subsnuccs suited for fonning 
the capsule sheO according to die mn^ 

addmon pdymexi formed by pogmSSS 

of vinyl Jolv^^''^; 
S^J^^"^ vinyiicSTcSSC 

^^J^g^ai*^*^ 75 

Furdw suitable hydrophobic pdymers diat 
art sohible in a waio-infmiscihfe 21 
be prepared by pdycoiSaition 

polymw that are soluble in a 

SddiSS^ ; 

««4anM and water insoluble modified naniriu 

dilonnated ruUier. ^^m, eg. 

M J r ^ book of c 

Solv«. AWl widi SdSility - 
S'^l'*^.*^ New York (19547 
Misdbility or umaisdbiHty data of the mosi 
common solvents wifii water can be found in 100 
^ ttbles on pagw 1394 tn 1401 of D'Ans und 

141^ Taschenbudi fur Chemikcr und Physto 
Springer Veriag, Beriin (1949). ^ ' 

In die preparation of die capsules it is some- 

tma necwsary to use anti-f oaming aaems e e 105 
octyl alcohol, during die s^Tc^S 

SJ!^ '""^^^ of organfc 

solvents. TTic orgamc water-immisdble solvent 
IS prcfoably of sudi type diat it can be easily 
removed by evaporation under normal ores- 110 
sme cwdinons, in odier words it has pi^er- 
ahlv a bodmg pomt below 100*C . 

^"^^^-^^^ «^w^ts are 
aliphatic and aromatic water-rqiellent solvents 
c.g. hydrocarbons such as n-hexane, benzene. 115 
t^ogoiate^ hydrocarbons, e.g. meSS 
dUondc-chlorofoim and carbon tetndiloride. 
and wattt-immisdblc etfaess, e.g. diediyl ahar 
In order to obtain a solid capsule shell 
diTO solvents have to be removed. This can 120 
bedone by gradually evaporating die solvents. 

operating under reduced pres- 
sure. When a monomer is uscd» which can be 
poljinmzed at die right time e.g. photopoly. 

mer«ed or a wax or polymer melt as oleophilic 125 

phase, die problem of solvent evaporation does 
not exist. 

Hydrophilic colloids or emulsifying agents 
or dispersing agents diat may be used in die 
first and/or second hydrophilic phase are 130 
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preferably at least 1% by weight sohifale in 
water at room temperature^ Soitahle hydro- 
phOic coUmds for that purpose are bydroplulic 
natural cdloids, modified hydrqihilic satutal 
conoids, or syxulietic faydnnli^ coUoidi, for 
example faydrophilic coUaidi sudh ts p»»*»t ff 
glue, casein, zein, bydrozyeil^lsdhiiosc;, 
cvMboxym0dtyIcdluIo5c, mcdrykeBnloi^ 
carboxymcdxyl-liydfoxycihyl-cciMoK;, gum 
arable, sodium alginate;, pdyvxnyl alcdiol, 
poly . N . vinylpyxtolidone, poiyvinyiamin^ 
polyethylene ozide, pdysQrrcne sulphonic Ti dj. 
polyaoyiic add, polymediaaylic add and 
hydrophilic copdymen and d ciivaiiv e s of ■nd i 
polymers. Among these cdlQida prfnt m ii 
preferably used. Especially good lesola axe 
obtained with po^nrioyl aloM and poly- 
styrene sulphonic add. For other disposmg 
agents reference is made to the so-called 
'Tenstden" described 1^ H. FMg in 
Zeitschr.AnaI.ai. 2S1, 127-129. 

The liquid to be encapsoktHl may contain 
ionic and/or non-iouc sobsisnees but should 
not necessarily contam only dissolved sub* 
stances; it may contam di^zsed paxtides or 
substaooes, e.g. suspended compounds sudi u 
cdiddal siUca and odier cdloidal partides and 
pigments. 

According to a preferred embodiment when 
die con^osition of the first hydrophilic liquid 
phase (W,) differs from that of die seamd 
hydrophilic liquid (W,) it is advamageoai 
to operate widi a first l^drophflic phase (Wi) 
the viscosity of \6hich is greater than dat of 
the second such pha*e (W,). 

According to a further pxcfored embodi- 
ment die temperature of the emulsion during 
its prcparadoo step (A) ig kept as nearly con- 
sunt as possible in order to avoid fluctuations 
with respect to die Wi/0 inversion point. 

The Ixqm'd of the fiU of die caj^es may for 
example be wening agents, hygrosoopic com- 
pounos e.g. glycerol, fluorescing compounds^ 
compounds decreasing or increasing the pH 
(pH controlling compound), fertilizers, phym- 
pharmaceuticals, plant growth hormones, 
vitamins, pha rma ceu t i c alE, dyes^ all types of 
chemically reactive compounds, c^. icdndng 
agents, oxidizing agents, hardcnnig agents, 
polymer cross-linking agents, colour reactants 
e.g. leuco dyes or catalysts, which have to be 
kept apart from (a) zeactant(t) or co- 
reaaam(s) till the moment of fli«o>1utiiTn^ 
degradation, mdting or rupture of the capsule 
shells. 

When the capsule is exposed to normal 
atmospheric drcumstanocs, cncapsidaied water 
will remain encased for a period of time dcter- 
mmed by die water-penneahiliqr of the cap- 
sule wall. However, die substances dissolved w 
cmukified in die water wiU remain encased 
indefinaidy. Substances causing water to 
remain enc^ed e.g. glycerol may be added 
cither to a hydrophilic phase or to die dco- 
phihc phase. 
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t» SKL accading to die 

^^"^^^^^F^ be applied in a record. 
mg ^^tan vdiercm capsoles are nmtured bv 
pfBsore, «id form^^ 

StH in prcMwe-sensitive materials capsules 
•HMuai cnnam teactaatfi), tg. a colour 
««Jpg ihctt ladf orm a iMcmag material 
Stan or evapoiJxialL 

awtnah. For example ingredieais miiable for 
we m photDgtapfcc procesiing can be 

mamcnt m photographic proceaiiig by mdt^ 

siWe tg. to mcotporate a s&bilizSe aecntin 
eacap^datmg fonn into . gcHIS^ 

J«lldc photogiaphic maioS 
and to s« It £roe at the proper moment, e* 
by capsule mptuxe or md&^ =«. ^.g. 

conneadoa with photqgnpbic 
m-ttnalf the encapsulatiqg techniqae mar be 
used for pi^mg so-called j^dkS emuiaoos 
contamiag li^t-sensitive sflrcr halide, and for 
encaptttlanog one or more photograDhic 
i^gwiiaiB e^. hydroquinone and odterknomi 
sum bolide developing agent*, hardeninf 
agems foe photographic coUoidt sncfa as 
^lann, famg agena, e;g. compounds yielding 

atapaaBOt yiddim; isodtiocyanate ionsu 
devdopfflent.4Cbvatmg or derelopment-retaid. 
1^ ROstancta, tg. compounds increasing die 
pH, bleacfamg agents for silver or dyes, colour 
cotg»Ieis, dyes, physical developing aeenis los 
fudi as composhians comprising a wate^ 

wWe metal salt, e* silver nitrate and/ 
« (a) redticmg agent(s) in admimire wi4 
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6dtd>le noble metal salt; e^. sUver nitrate and/ 
or (a) redtKtng agent(s) in admixture wiA 
e.g developing agents, such as hydroquinone 
and l-phenyM-pyrazdidinonc. iin 

The apsules may likewue contain diazo 
compounds and/or couplers for use in diazo- 
type rcootdmg. Capsules prepared according 
to the present mvcmion may further find use 
« toner partides in die dcvdopment of 115 
oectro-photographk materials. 

In thermographic materials capsules pns 
iwtd u described herein and having a melt- 
able capsule shdl may be used. Sudi capsules 
oomam e g. (a) reactant(s) e.g. (a) colour 
coupla:(f), whjdi is (arc) set fire from die 
capsules upon mddng of die capside shell 
\*"^ allowed to react with (a) reac- 
Unt(s) being or brou^t into intimate contact 
with the freed capsule content. |25 
_ J^^, present invention is illustrated by die 
following examples widioui, however, bdng 
linuted thereto. 

The percentages and ratios are by wdght 
unless odicrwise indicated. ijq 
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HiannJe 1 
L The starting sciutians 

— 200 ml of a 10% by volume soludan ia 
distilled water of snlphonated castor o3, hezt- 
inaftcr called hydrqshilic ^lase (W) were 
prepancd. 

— 100 ml of a 10% solution in mcdiylene 
chloride of the copolymer of viiiyitdaesfi and 
isobutylmeduciylate (53/47) herdnafter 
called hydrophobic phase (O) were pr^uied. 
2. Comparison of emtdsiftaUum procedures 

Before operatiDg ahmg the ' mff of the 
cmulsihcation procedure of the present inven- 
tion cmolsioos with different volume parts of 
hydrophilic phase were prepmA to effect 
thereon a conductivity measurcmem. The 
measurement was performed using a Wheat- 
stone bridge type apparatus. By diis tedsnique 
It was possible to detcnnine the second 
sion point It as represented in the graph of 
Figiue 2 in which die resisuvity (R) ezptcs- 
sed in Ohms is re p res e nted as a funcdon of 
the volume of aqueous liquid (W) in the 
emulsion system. This inversion point cor- 
responded at 25°C with a hydrophilic phase of 
67% of the total volume. !n other words when 
tald^g 100 ml of the above dciined hydrophilic 
phase (0) we need at the second inversion 
pomt (If) 200 ml of die faydrtxihilic phfl«c 
(W> to form an emulsion of dropkis of poly- 
mer solution surrounded by a continuous 
medium of the hydrophilic phase. 

In order to obtam a maximum yidd of 
hydrophilic-phase-filled microcapsules in a 
W/O/W system the operatiiig condidons have 
to be chosen ih such a way that first a W/O 
emulsion Is prepared m which die volume of 
bydrophiUc phase does not exceed die so-caUed 
first xDvcxsiott point (Li) at which 33i% of die 
40 total volume consists of the hydrophflic solu- 
tion of sulji^onated castor oO and that from 
this emulsion the second mversion point (It) 
is reached very quiddy. 
For comparison's sake three different 
45 emulsificaiion procedures A, Bj and C were 
tested. Their results at different rates of Uquid 
addidon are listed in the accompanying Table. 

A. The whole hydrophilic phase (W) of 
200 ml of said aqueous sulf^ooated castor ofl 

50 soludon was added to the 100 ml of hydrxK 
phobic phase (O) yMt stirring die liquids to 
be emulsified widi a VIBRO-MISCHER 
(Trade Mark) (a mixing apparatus of 
CHEMAP A. a Switzerland). 

The rate of addidon was aiffcxem for the 
tests Ai and As, see die Table. 

B. The hydrophilic phase (W) having a 
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total volume of 200 ml was added in two 
sqiaratc portions to 100 ml of hydrophobic 
^ (O). The first part of die hySulic 
was added at die rate mdicated mSe 
laWe ro an amount of 50 ml so diat dtt first 
mversKsn point (I,) cfaanctecized by 33% of 
aqueous sulphonated castor oil phue hi die 
tool volnme was not suzpasKd. During this 
addition mixmg was effected by die abeadv 
mentioned VIBRO-MISGHER. 

Thcremon at die sate mdtcated in die 
Table and widi contimiods atinmg, the second 
part of die hydtophiiic phue (150 ml) was 
added so diat sitetantia^tbe second mver- 
sion poim (I,) was attained 

C A water-m-oO type emulsion was pre- 
pared by mixing a first portion of the hydro- 
philtc phaseJ50ml) m die hydrophobic phase 
(100 ml) so 4at die first inversion point (I,) 
was not surpassed. The obtained emulsion was 
then added to die second portion (150 ml) of 
the hydrophilic phase so diat substandally the 
second invexsion point (I,) was attained. 

After terminating die addidon stage m die 
above three tests the obtained emulsions were 
kept stirred widi die VIBRO-/AISCHER for 
60 seconds at die same temperature (25 'C). 
This addidonal mndng resulted in a smaller 
droplet size distribution. 

The obtained emulsions were kept on a 
water-badi at 40*C for 16 h widi gendc stir- 
ring by means of a blade stirrer m order to 
remove die methylene chloride and. to have the 
polymeric capsule envelopes solidified. 

The capsules obtained were separated by 
sucdon from die hydrophilic phase and dried 
at room temperature. 

Fnmi die foUowing Table it dearly appears 
that the test Bs carried out according to the 
onulsificarion procedure of die present inven- 
uon offers the best results. 

In said Table we find for each test die rate 
of addition of die defined liquids and die data 
reladng to: ^ 

1) die capsule size range (SJL) Lc. die size 
range comprised between die size of the 
smaUcst and largest capsules expressed in 
microns 

2) die yield (Y) of fiUcd capsules, exptes- 
sed in percent, obtained by die following 
cquadon: 

C X 100 

= Y 

(C + P) 

wherein: 

C is the amount of filled capsules, and 
P is the amount of pure polymer spheres. 
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pTample 2 

100 ml of a gdatino-sxlver dhlonbramide 
(10 mole % of bromide) emulaon comaiioiiig 
an amount of sitrer halide equmlent to 56 g 
of silver per kg were ihoroughlf mht^ by 
means of a VIBRO-MISCHER with 100 ml 
of a 100% soltztioD in mediylene dilnride of 
polystyrene to fonn a W/0 emulston. Hie 
first znversxon point was not snxpossed. 

With contzzmoxB stxctiiig 60 ml ol a 0.05% 
aqueous sohitian of saponin was added in 2 
sec to die d)tuned W/0 emnLdoo, dms 
attaining the second inversion point The 
intensive stnrzing was continned for 1 mfn ^ 
and in order to increase the total volinne of 
the W/O/W emubion obtained a fndier 60 
ml of the 0.05% aqueous saponin Bdmion 
were added. 

In order to evapoiate the nedivlene chloride 
the whole composition was dien heated slowly 
on a water badi at 40''C and kept at this 
tanpentme for 16 h whfle effecting a 
modentn sdning with a blade stnxer. 

The obtamed mass of capsules conssting 
of silver ballde emulsion droplets surrounded 
by a soHd polystyrene didl was diluted wtdi 
5 1 of a 0.05% aqueous sohitian of saponin m 
ordtf to f acilhate the sqiaration by suction. 

Finalfy die separated capsules weie washed 
with 1 1 of a 0.05% aqueous solution of 



saponm m order to hnprove the redispexsinz 
m water. • 

The capsDle yield was 90%. Tbe amount of 
encapsulated aihrcr haUde expressed with res- 
pea m 1 g of capsules corresponded with 30 
mg of silver. 

Example 3 

Example 2 was repeated wfdi the dificrence 
that the silver halide was encapsukted together 
widi a develops^ agent Before starting die 
emulsification procedure 1 g of l-phenyl- 
pyrazolidin*3-one dissolved in 20 ml of 
etfaanol was added to the said 100 ml of the 
gelatino-silvcr chiorobromide emulsion. 

Example 4 

For tfaennodevdopable sflver haUde zccoid- 
usg materials of dte type described in the 
Belgian Patent Spedficadon 775,583 OJed 
December 13, 1971 by Agfa-Gcvaen N.V. it 
is advantageous to encapsulate the stabilizing 
agent in a meltable polymer diell so that it is 
set free only at the moment of the thermal 
development 

The stabilizing agent decced here for that 
purpose is hydnn^ediyithiourea. 

— Encapstdattng ptoeedttrt 

80 ml of a 10% soludon of hydroxy- 
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etiisdtiuonrta m a B3% aqueoot gdatiB solu- 
tion was em ulsified 1^ means of a VIBRQ- 
MISCRER in 100 nl of a 17% solutiia in 
methylene chloride of the capdtmer of vinyl- 
tohiene and isohu^faaedsaoyjate (53/47). 
Hereby the first ammoo point has not beca 
surpassed. 

When m hoc one sec. 150 ml of a 10% 
aqueous h ydr o ayeih yiurea solotioo coMunine 
0.1% saponin was added, die second iamnon 
point was attassed. During die ^e openuion 
die stirring wxdi die VIBRO-MISCHER wu 
contiaued. 

The mediylene chloride comained in die 
W/O/W cmulsiott obtBtMd was then evapora- 
ted slowly by keeping die composition for 16 
h on a water-bath of 40"C wbUt moderately 
stiniqg. 

the obtained capsules were separated by 
suction and washed widi a 0.1% aqueous 
solution of saponin in order to faaUtate their 
redispersing in water. 

Capsule yield: 85%. 

The amoom of encapsulated hydroxy- 
ethyltbiourca with respect to 1 g of capsules 
was 100 mg. 

WHAT WE CLAIM IS:— 

1. A process of preparing mxcTDcapsuIes 
comprising a hydrophaic liquid in a hydro- 
phobic envelope, which process involves die 
following steps: 

J A) emulsi^ong a vohmie Vi of a first 
rophilic liquid in a volume Vt of a hydro- 
phobic liquid consisting of or containing a 
substance or substances for forming hydro- 
phobic capsule envelopes, the volume Vi being 
not greater than a volume Xi where the ratio 
Xi/(Xi + Vi) corresponds with the first 
inversion point of the formed emulsion and 

(B) rapidly adding to the dius formed 
emulsion, while agitating or stirring, a volume 
V, of a second faydrophilic liquid to form an 
emulsion system comprising a hydrophHic 
liqtiid continuous phase and a disperse j^iase 
comprising droplets of hydrophilic liquid 
enveloped in a hydrophobic liquid phase con- 
sisting of or contaim'ng said envelope-forming 
5ubstance(8), the volume Va being such that 
V, + V, > X, - 1/5 (X. - XO where die 
volume X» is such that the ratio X«/(Xt + 
V,) corresponds widi die second inversion 
point of the emnlsiQa system, and 

(C) aUowing or caush^ die said envdope- 
fonniiig sub8tance(s) b said cnvelopittg 
hydrophobic liquid phase to form solid 
cavdopes around said droplets, 

such cnvdqie foiming substance(s) being 
composed of at least one water-insoluble sub- 
stance which is or are soluble In a water- 
unmisciUe solvent or mixture of such sc^vcnts 
and that has or have, or obtam(s) by evaporat- 
ing die solvent(B) and/or by hardening or 
cross-linldx^ a suffideat cohesion power to 
form a coherent cavdope around die hydro- 
philic liquid filL 



2. A process of preparmg 

accosdu^ to dasn 1, wherein a ^ ^ 

stirring agitating is mannained for a'^period 
rf^e in i4iicfa the diameter of the droplets 
becomes smaller and the sIk distributioa 
range o f the droplets smaller. 

3. A procesa aooording to eitfaer of claims 1 
sttd 2, iR^Kieia die addidoa of die secood 
faydrophiUc liquid is pex f omie d in a period no 
logger diaa 2 •^Tnrft 

4. A process aoooidiag to any one ot claims 
1 to 3, wherein the temperature of the emul- 
sion during ia preparation step (A) is kept 
constant* 

5. A process accordittg to any one of claims 
1 CD 4, wherem die viscosity of die first hydrT>. 
phllic liquid phase (WO differs from die vis- 
cQsny of die second hydrophilic liquid phase 

6i A process according to claim 5, wherein 
die viscosity of die first hydrophilic phase 
(W,) is his^ dian diat of the second hydnn 
phihc liquid phase (Wt). 

7. A process according to any one of the 
claims 1 to 4, wfaetdn the composidons of die 
two hydrophilic liquids are identicaL 

8. A process according to axiy one of cbi'mf 
1 to 7j wherem die fihn-forming material for 
forming die capsule envelopes is a hydrophobic 
addition polymer formed by polymerisation or 
aipdymerisation of vinyl polymers such as 
serene, vinyj chloride, vixiylideae chloride, 
vinyl esten* vinyl edxn, acrylic acid esters 
and mediacrylic add esters, acrylonitrile and 
methactylonitrfle, a l^drophobic pdyconden- 
satioo or poly-addinon pdyaier whicfa is 
sdubie in a watep-fmmisdble organic solvent 
or a water-insoluble niodified natural polymer. 

9. A process accordipg to any one of claims 
1 Q> 8, ^erem die capsule shell is soh*dified by 
evaporating the solvent(s) for the capsule 
building fiJm-lonning materiaL 

10. A process according to daim 10, where- 
in an and-frothing agent is present during die 
step of cvapontion. 

11. A process according to atiy one of claims 
1 to 10, wherem die capsule shdl forming 
matoid is dissdved in an organic water-' 
nnmisablc solvent or mizturt of solvents hav- 
mg a boiling point bdow lOO'C 

12. A process according co any one of die 
pRodmg daiffls, vAerein die first and/or 
second hydrophilic liquid contams a hydxo- 
fdiilic colloid. 

13. A process according to any one of the 
precedm daim^ wherem die first and/or sec- 
ond hydrophihc liquid contains an anulsifvine 
agent • * 

14. A process according to any one of the 
precedmg claims, wherein the hydrophilic 
liquid of the fill of die capsules contains one 
or more wetting agents, hygroscopic 
pounds^ fluantctng compounds, compoundi 
ieatadng or inaeasmg die pf^ fertilhen, 
phyoqslttnnaceiitiaJs, plant growifa honnoncs. 
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vitamins, phannartnriralt, dyes, catalysn^ 
reduc ing agemsy oxidizing agents, polymer 
cross-linking agents or colour xetctano. 

15. A process according to any one of 
dainis 1 to 13, idierein die cqsule fill con* 
tains iqgredieiia s nitBbk for tae in photo- 
sensitive recording lysiuus or materials. 

16. A p ro cess aoconiing to daim 15» where- 
in the capsule fill contains one or more w3m 
halide developing agents photo-censitxye 
h alfdf a, compoiinfit acting as stafrilisiqg or 
fixing agent for photo-senshive siher halide^ 
development activating compounds, develop- 
ment retarding snbstanocs, colour cooplea^ 
dye«, hkadii^ agents for silver or dyes or 



, , ^ piwtqgrapluc coOaidt. 

fJLitJ'^ acwiding a any one of d« 
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